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B Abstract

OBJECTIVES: Despite the fact that statins have been pre-
scribed widely, cardiovascular disease (CVD) remains the
leading cause of death in diabetic patients. The aim of this
study was to reassess the benefits of statins for CVD preven-
tion in patients with diabetes mellitus. METHODS: Two in-
dependent investigators searched for prospective, random-
ized statin trials that investigated the power of reducing
CVD in statin-treated patients. The search was performed
using Pubmed, Web of Science, and CENTRAL databases.
Data was extracted from eligible studies. RESULTS: A total
of 7061 articles were surveyed and 22 articles were identified
as eligible articles. The meta-analyses of the 22 trials showed
that statin treatment was positively associated with a low-
ered risk of CVD in the following groups: (i) total population
with pooled odds ratios (OR) of 0.791 (95 % CI: 0.74-0.846, p
< 0.001), (ii) diabetic population with OR 0.792 (95% CI:
0.721-0.872, p < 0.001), and (iii) non-diabetic population with
OR 0.791 (95% CI: 0.730-0.857, p < 0.001). In diabetic pa-
tients, statins were also helpful in the primary and secondary

prevention of CVD, with pooled ORs of 0.757 (95% CI: 0.676
to 0.847, p < 0.001) and 0.800 (95% CI: 0.712 to 0.898, p <
0.001), respectively. However, when trials that investigated
only diabetic patients (i.e., CARDS, 4D, and ASPEN) were
included in the analysis, statin treatment was not found to
reduce CVD significantly (OR: 0.817, 95% CI: 0.649 to 1.029,
p = 0.086). Furthermore, after performing subgroup analysis,
no benefit of statin treatment was found in primary preven-
tion (OR: 0.774, 95% CI. 0.506 to 1.186, p = 0.240) or secon-
dary prevention (OR: 0.893, 95% CI: 0.734 to 1.088, p = 0.262)
of CVD in diabetic patients. CONCLUSIONS: Although our
study may be limited by unmeasured confounders and het-
erogeneity among the studies included, the results suggest
that the effects of statins in the prevention of CVD in dia-
betic patients are not only beneficial. More informative data
are needed to verify the benefits of statins in the protection
against CVD in diabetic patients.

Keywords: cardiovascular disease - meta-analysis - dyslipi-
demia - LDL - lipoprotein - statin - type 2 diabetes - triglyc-
eride

1. Introduction

ardiovascular disease (CVD) is the leading
cause of mortality and morbidity globally, in
&34, particular in patients with diabetes mellitus.
Lowering serum low-density-lipoprotein choles-
terol (LDL-C) level has been recommended to de-
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crease the incidence of CVD as it decelerates the
progression of atherosclerosis. The first marketed
statin, named lovastatin, arrived in 1987. This
drug formed a class of agents that act as HMG-
CoA reductase inhibitors. It proved to be effective
in reducing the LDL-C level by decreasing liver
cholesterol synthesis, resulting in upregulation of
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LDL-C receptors and increased clearance of LDL-
C. Since their discovery, statins have been widely
prescribed for the purpose of reducing the risk of
CVD.

In 1994, the 4S study reported that simvastatin
was effective in improving the CVD risk and sur-
vival in patients with coronary heart disease
(CHD) [1]. Later, the WOSCOPS study firstly
demonstrated that pravastatin was helpful in the
prevention of CVD occurrence in patients without
CHD [2]. Subsequent trials, including AF-
CAPS/TexCAPS [3], CARE [4], LIPID [5], LIPS [6],
HPS [7, 8], PROSPER [9], ASCOT-LLA [10, 11]
and CARDS [12], showed that statins provided
benefits in lowering the incidence of CVD across
populations with diverse CVD risks. Although the
ALLHAT-LLT [13] study reported a contrary re-
sult, and some studies also showed an inconsistent
result in the diabetic subgroup [9, 10], evidence of
the protection against CVD by statins, including in
patients with diabetes mellitus, was soon rein-
forced by pivotal meta-analysis studies [14, 15].
Although subsequent 4D [16], ASPEN [17], MEGA
[18] and AURORA [19] trials reported conflicting
CVD results, the CTT collaboration soon consoli-
dated the benefits of statins [20]. Based on the
above evidence, professional societies have consis-
tently recommended that statins should be the
drug of choice for managing dyslipidemia in dia-
betic patients at risk of CVD [21, 22]. However,
despite the fact that statins have been prescribed
extensively over the past few decades, CVD has
remained the primary cause of death in diabetic
patients.

The results of previous meta-analysis reports
[14, 15, 20] may be limited and should be inter-
preted with caution. First, from the current point
of view, the studies included in this analysis may
not be complete. Several recently-published re-
ports, including CORONA [23] and SPARCL [24],
have also reported the CVD outcome after statin
treatment in diabetic patients. Thus, an up to date
meta-analysis study that includes these publica-
tions is necessary to verify previous results. Sec-
ond, most of the published literature has reported
the diabetic CVD outcome by subgroup analysis,
and it has been noted that the results acquired
from subgroup analysis in randomized controlled
trials may be biased [25]. Therefore, a meta-
analysis of high-quality double blind trials that in-
cluded only diabetic patients may be interesting.
The aim of this study was to reassess the power of
statin treatment for CVD protection in patients
with diabetes mellitus.
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Abbreviations:

4D - Deutsche Diabetes Dialyse Studie

4S - Scandinavian Simvastatin Survival Study
AFCAPS/TexCAPS - Air Force/Texas Coronary Atheroscle-
rosis Prevention Study

ALERT - Assessment of Lescol in Renal Transplantation
ALLHAT-LLT - The Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial, Lipid Lowering
Trial

ALLIANCE - Aggressive Lipid-Lowering Initiation Abates
New Cardiac Events

ASCOT-LLA - Anglo-Scandinavian Cardiac Outcomes
Trial, Lipid-Lowering Arm

ASPEN - Atorvastatin Study for the Prevention of Coro-
nary Heart Disease Endpoints in Non-Insulin-Dependent
Diabetes Mellitus

ATP IlI - Adult Treatment Panel 11l

AURORA: A study to evaluate the Use of Rosuvastatin in
subjects On Regular haemodialysis: an Assessment of sur-
vival and cardiovascular events

CARDS - Collaborative Atorvastatin Diabetes Study
CARE - Cholesterol and Recurrent Events

CENTRAL - Cochrane Central Register of Controlled Tri-
als

ClI - confidence interval

CHD - coronary heart disease

CORONA - Controlled Rosuvastatin Multinational Trial in
Heart Failure

CTT - Cholesterol Treatment Trialists

CVD - cardiovascular disease

df - degree of freedom

GISSI-HF - Gruppo Italiano per lo Studio della Soprav-
vivenza nell'Infarto Miocardico-Heart Failure

GISSI-P - Gruppo Italiano per lo Studio della Soprav-
vivenza nell'Infarto-Prevenzione

HDL-C - high-density lipoprotein cholesterol

HMG-CoA - 3-hydroxy-3-methylglutaryl-coenzyme A

HPS - Heart Protection Study

LDL-C - low-density lipoprotein cholesterol

LIPID - Long-term Intervention with Pravastatin in
Ischemic Disease

LIPS - Lescol Intervention Prevention Study

MEGA - Management of Elevated Cholesterol in the Pri-
mary Prevention Group of Adult Japanese

MeSH - Medical Subject Heading

NHANES - National Health and Nutrition Examination
Survey

OR - odds ratio

PRISMA - Preferred Reporting Items for Systematic Re-
views and Meta-Analyses

PROSPER - PROspective Study of Pravastatin in the Eld-
erly at Risk

Q - Cochrane’s heterogeneity statistic

SPARCL - Stroke Prevention by Aggressive Reduction in
Cholesterol Levels

VADT - Veterans Affairs Diabetes Trial

WOSCOPS - West of Scotland Coronary Prevention Study

2. Methods

This report followed the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
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Analyses) statements dur-
ing all stages of the design,
execution and reporting
when feasible [26].

Articles resulting from database searches:
Pubmed: 2970
Web of Science 3720
CENTRAL: 371

2.1 Literature search

A systematic review of
the available literature to
the end of August 2012 was
performed from the Pub-
med, Web of Science and
Cochrane Central Register
of Controlled Trials (CEN-
TRAL) databases by two
independent investigators
(Y-H Chang, M-C Hsieh).

| 344 identical studies excluded

6692 studies excluded by examination of
relevance (reviews, laboratory studies,

non-randomized trials, use of surrogates
for CVD outcomes, irrelevant to analysis)

We used a combination of | 25 relevant studi

es for evaluation

free key words “statin” and
“cardiovascular  disease”,

including  their MeSH

terms, and limited our

| 3 excluded after refined examination

search strategy to “Clinical

22 studies included in meta-analysis

Trials”, “English articles”
and “Human species” to
find relevant articles. We
also reviewed published
meta-analysis reviews to
identify potentially eligible
studies for inclusion.

2.2 Study selection

Studies were selected if the study was prospec-
tive, randomized, compared statin with control,
and reported important CVD outcomes (e.g., CVD
mortality, fatal/non-fatal myocardial infarction,
unstable angina, fatal/non-fatal stroke, and coro-
nary revascularization). Articles were excluded
based on the following criteria: (1) expert review
articles, letters and meeting abstracts; (2) use of a
surrogate as the CVD outcome (e.g., coronary an-
giography, computed tomography angiography, in-
travascular ultrasound); (3) head-to-head statin
comparison; (4) high versus low statin dosage
comparison; (5) non-English articles. Study quality
was assessed using the Jadad scale. To resolve dis-
crepancies, consensus was reached with other spe-
cialists (C-Y Wang, Y-J Lee) who were not involved
in the initial search procedure.

2.3 Data synthesis and analysis

Data extraction was conducted independently
by 2 authors (Y-H Chang, M-C Hsieh) using a

www.The-RDS.org

Figure 1. Flow diagram of the selection of statin trials.

standardized data extraction form. Odds ratios
and 95% confidence intervals were used as the
main measure of the statin effects on CVD. Infor-
mation regarding the general characteristics of the
study (title, publication year, study design, dura-
tion of follow-up, baseline LDL-C level, justifica-
tion of early study termination, industrial funded
study), characteristics of the study group (age, to-
tal participants number and proportion of diabetic
patients, and definition of CVD outcome) and drug
information (type of statin and dose) were also ex-
tracted. Subgroup analyses were treated as two
independent studies. We contacted the original au-
thors in cases of missing data.

In the meta-analysis graphical representation,
the area of the black square indicates the weight
contributed by each individual population. We es-
timated between-study heterogeneity using the
Cochran Q statistic. Substantial heterogeneity was
considered when p < 0.1, which was deemed to be a
sensible cut-off value [27]. We used a random-
effect model if heterogeneity was observed, while
the fixed-effect model was applied in the absence
of heterogeneity. In the first step of analysis, we
performed a meta-analysis, including all eligible
studies, followed by a subgroup analysis prede-
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Table 1. Characteristics of the included studies (part 1)

Study Prevention Study Participants DM Statin Primary out- CVD definition  Baseline Jadad Early
duration in analysis come LDL-C scale termina-
(yr) level tion/
(mg/dl) Indus-
trial
sponsor
WOSCOPS 1995 [2] primary 5.0 6595 76(1.2%) Pravastatin ~ CHD death non- CHD death, non- 192 4 No/Yes
40mg/day fatal Ml fatal Ml, PCI,
CABG, stroke
AFCAPS/TexCAPS primary 5.2 6605 155(2.3%)  Lovastatin fatal/non-fatal Ml; fatal/non-fatal MI; 150 5 Yes/Yes
1998 [3] 20~40 unstable angina; unstable angina;
mg/day sudden cardiac  sudden cardiac
death death
CARE 1998 [4] secondary 5.0" 4139 586(14.1%) Pravastatin ~ CHD death non- CHD death, non- 136 4 No/Yes
40mg/day fatal Ml fatal MI, CABG,
PCI
4S 1999 [31] secondary 5.4° 4398 483(11.0%) Simvastatin  All cause mortal- CHD death, non- 189 5 No/Yes
20~40mg/day ity fatal MI, ischemic
cardiac arrest
GISSI-P 2000 [33]  secondary 1.9 4271 582(13.6%) Pravastatin  All cause morta- Death, non-fatal 152 3 Yes/Not
20~40mg/day lity, non fatal M1, MI, non-fatal stro- reported
stroke ke
ALLHAT-LLT 2002 primary 48 10,355 3638(35.0%) Pravastatin  All cause mortal- CHD; non-fatal Ml 146 3 No/Yes
[13] 40mg/day ity
LIPS 2002 [6] secondary 3.9 1677 202(12.0%) Fluvastatin ~ CHD death, non- CHD death, non- 131 5 No/Yes
80mg/day fatal MI, CABG, fatal MI, CABG,
PCI PCI
PROSPER 2002 [9] primary 3.2 5804 623(11.0%) Pravastatin  coronary death;  coronary death; 147 5 No/Yes
and secon- 40mg/day fatal MI; fatal or  fatal MI; fatal or
dary non-fatal stroke  non-fatal stroke
HPS 2003 [8] primary 5.0 20,536 5963(29.0%) Simvastatin  all cause mortal- Cardiac death, 124 5 No/Yes
and secon- 40mg/day ity, fatal/non-fatal non-fatal Ml,
dary vascular events  stroke, revascu-
larization
LIPID 2003 [32] secondary 6.1 9014 1077(11.9%) Pravastatin ~ CHD death non- CHD death, non- 143 5 No/Yes
40mg/day fatal Ml fatal Ml,unstable
angina, stroke,
CABG, PCI
ALERT 2003 [34] primary 5.1 2102 396(18.8%) Fluvastatin ~ CHD death, non- CHD death, non- 159 5 No/Yes
and secon- 40~80mg/day fatal Ml, PCI, fatal Ml, PCI,
dary CABG CABG, stroke
ALLIANCE 2004 secondary 4.3 2442 540(22.1%) Atorvastatin cardiac death, All cause morta- 147 1 No/Yes
[37] 10~80mg/day non-fatal MI, re- lity, non-fatal M,
suscitated resuscitated
cardiac arrest, cardiac arrest,
cardiac revascu-  revascularization,
larization, unsta-  unstable angina,
ble angina heart failure,
stroke
CARDS 2004 [12] primary 3.9° 2838 100% Atorvastatin  CHD death, non- CHD death, non- 118 5 Yes/Yes

10mg/day

fatal Ml, unstable
angina, resusci-
tated cardiac ar-
rest, coronary
revascularization,
stroke

fatal MI, unstable
angina, resusci-
tated cardiac ar-
rest, coronary
revascularization,
stroke

Legend: Baseline LDL-C levels refer to diabetic patients if available; otherwise the mean value of the overall population or the population trea-
ted with statins was reported instead. * Median. Abbreviations: DM - diabetes mellitus; CVD- cardiovascular disease; CHD - coronary heart
disease; LDL-C . low-density lipoprotein cholesterol; MI - myocardial infarction; PCI - percutaneous coronary intervention; CABG - coronary

artery bypass graft.
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Table 2. Characteristics of the included studies (part 2)

Study Prevention Study Participants DM Statin Primary out- CVD definition  Baseline Jadad Early
duration in analysis come LDL-C scale termina-
(yr) level tion/
(mg/dl) Indus-
trial
sponsor
4D 2005 [16] secondary 4.0° 1255 100% Atorvastatin  CHD death, non- CHD death, non- 125 5 No/Yes
20mg/day fatal Ml, fa- fatal Ml, fa-
tal/non-fatal tal/non-fatal
stroke stroke
ASCOT-LLA 2005  primary 33 10,305 2532(24.6%) Atorvastatin  Fatal CHD, non  CVD mortality, 128 5 Yes/Yes
[11] 10mg/day fatal Ml non-fatal Ml, an-
gina, life-
threatening ar-
rhythmias,non-
fatal heart failure,
stroke, peripheral
arterial disease,
retinal vascular
thrombosis, re-
vascularization
procedures
ASPEN 2006 [17] primary 4.0 2410 100% Atorvastatin  CVD death, non- CVD death, non- 113 4 No/Yes
and secon- 10mg/day fatal MI, non-fatal fatal MI, non-fatal
dary stroke, recanali-  stroke, recanaliza-
zation, CAGB, tion, CAGB, re-
resuscitated car-  suscitated cardiac
diac arrest, un-  arrest, unstable
stable angina angina
CORONA 2007 [23] secondary 2.7° 5011 1477(29.5%) Rosuvastatin  CVD death, non- CVD death, non- 137 5 No/Yes
10mg/day fatal MI, non-fatal fatal MI, non-fatal
stroke stroke
GISSI-HF 2008 [35] secondary 3.9 4574 1196(26.1%) Rosuvastatin ~ All cause mortal- All cause mortal- 122 5 No/Yes
10mg/day ity, admission to  ity, admission to
hospital hospital
for cardiovascular for cardiovascular
reason reason
JUPITER 2008 [36] primary 1.9 17,802 0% Rosuvastatin M, stroke, re- MI, stroke, revas- 108 5 Yes/Yes
20mg/day vascularization,  cularization,
unstable angina, unstable angina,
CVD death CVD death
MEGA 2008 [18] primary 5.3 7832 1746(22.3%) Pravastatin cardiac and sud-  All cause mortal- 157 3 No/Yes
10~20mg/day den death, non- ity, non-fatal MI,
fatal MI, angina, angina, revascu-
revascularization larization, stroke,
cerebral infarction
AURORA 2009 [19] secondary 3.8 2773 731(26.3) Rosuvastatin  CVD death, non- CVD death, non- 100 5 No/Yes
10mg/day fatal MI, non-fatal fatal MI, non-fatal
stroke stroke
SPARCL 2011 [24] secondary 4.9° 4731 794(16.8%) Atorvastatin  combined risk of cardiac death, 131 4 No/Yes

80mg/day

nonfatal
and fatal stroke

non-fatal MI, re-
suscitated cardiac
arrest, stroke

Legend: Baseline LDL-C levels refer to diabetic patients if available; otherwise the mean value of the overall population or the population trea-
ted with statins was reported instead. * Median. Abbreviations: DM - diabetes mellitus; CVD- cardiovascular disease; CHD - coronary heart
disease; LDL-C . low-density lipoprotein cholesterol; MI - myocardial infarction; PCI - percutaneous coronary intervention; CABG - coronary

artery bypass graft.
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Model Study name Statistics for each study CVD Events / Total QOdds ratio and 95%Cl
Odds Lower Upper
ratio  limit limit  p-Value statin placebo
WOSCOPS 1995 0.645 0.549 0.758 0.000 276/3302 408 / 3293 E 3
AFCAPS/TexCAPS 1998 0.620 0.489 0.786 0.000 116/3304 183 /3301 —ill—
CARE 1998 0.734 0.636 0.848 0.000 430/2061 549 /2078 =
4S 1999 0.614 0.533 0.706 0.000 425/2200 617/2198 =
GISSI-P 2000 0.873 0.678 1.125 0.294 120/2138 136 /2133 —
ALLHAT-LLT 2002 0.898 0.777 1.037 0.143 380/5170 421 /5185 L
LIPS 2002 0.751 0.600 0.941 0.013 181/844 222/833 -
PROSPER 2002 0.848 0.734 0.979 0.024 408/2891 473 /2913 L
HPS 2003 0.734 0.687 0.784 0.000 2033/10269 2585/10267 .
LIPID 2003 0.813 0.747 0.885 0.000 1626/4512  1843/4502 [ ]
ALERT 2003 0934 0.749 1.166 0.548 186/1050 197 /1052
ALLIANCE 2004 0.890 0.754 1.052 0.171 408/1217 443/ 1225
CARDS 2004 0.623 0.468 0.831 0.001 83/1428 12771410
4D 2005 0.930 0.740 1.169 0534 226/619 243 /636
ASCOT-LLA 2005 0.774 0.674 0.890 0.000 389/5168 486 / 5110 =
ASPEN 2006 0.899 0.716 1.129 0.361 166/1211 180/1199
CORONA 2007 0.916 0.810 1.035 0.160 692/2514 732/ 2497
GISSI-HF 2008 1.043 0.928 1.173 0.480 1305/2285 1283/2288
JUPITER 2008 0.559 0.454 0.688 0.000 142/8901 251 /8901 -
MEGA 2008 0.675 0.524 0.871 0.003 102/3866 153 /3966 -
AURORA 2009 0.954 0.810 1.124 0.574 396/1389 408 / 1384
SPARCL 2011 0.794 0.679 0.930 0.004 335/2365 407 / 2366 E 3
Random 0.791 0.740 0.846 0.000 10425/68704 12347/ 68737 Q
0.1 0.2 0.5 1 2 5 10

Favours statins Favours control

Figure 2. Forest plot of statin treatment for CVD prevention studies in the overall population.

fined according to diabetes status and the purpose
of CVD prevention in diabetic patients. In the sec-
ondary analysis, we reassessed the effect of statins
on CVD protection by including high-quality dou-
ble blind randomized control trials that included
only diabetic patients. In addition, we also per-
formed sensitivity analyses by omitting one study
at a time and calculating the pooled odds ratio for
the remainder of the studies. Publication bias was
assessed by the Egger test. All analyses were per-
formed using Comprehensive Meta-Analysis soft-
ware (Biostat, Englewood, NJ, http://www.meta-
analysis.com). We considered a p-value of less than
0.05 to be statistically significant.

3. Results

The flow diagram of the selection of relevant
trials for inclusion in the present systematic
analysis is presented in Figure 1. A total of 7061
articles (Pubmed: 2970; Web of Science: 3720;
CENTRAL: 371) were identified from the primary
literature search. We screened the titles and ab-
stracts and excluded identical articles, expert re-

Rev Diabet Stud (2013) 10:157-170

view articles, laboratory studies, non-randomized
trials, and studies using surrogates as CVD end-
points, following which 25 relevant articles re-
mained for further full-text evaluation. Three
studies [28-30] were excluded after full-text re-
view. The characteristics of the remaining 22 stud-
ies [2-4, 6, 8, 9, 11-13, 16-19, 23, 24, 31-37] are
listed in Tables 1 and 2.

3.1 Benefits of statin therapy in the protection
of CVD

In Figure 2, we re-reassessed the benefits of
statin treatment in CVD protection in 22 studies.
In the analysis, the event number in the statin
group (n = 68704) and control group (n = 68737)
was 10425 and 12347, respectively. Significant
heterogeneity was found (Q value = 87.88, df(Q) =
21, p < 0.001, I’ = 76.11) and the random-effect
model was used for analysis. The results showed
that the statin therapy significantly reduced the
CVD incidence in patients with dyslipidemia, with
a pooled odds ratio (OR) of 0.791 (95% CI: 0.74-
0.846, p < 0.001). No publication bias was found by

Copyright © by Lab & Life Press/SBDR
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Model Group by Study name Statistics for each study CVD Events / Total Odds ratio and 95% CI
DM status
Odds Lower Upper
ratio  limit  limit p-Value statin placebo

DM AFCAPS/TexCAPS 1998 (DM) 0.542 0.147 2001 0.358 4/84 6/71
DM CARE 1998 (DM) 0.691 0.483 0978 0.037 81/282 112/304 il
DM 4S 1999 (DV) 0512 0.345 0.760 0.001 59/251 871232 L
DM GISSI-P 2000 (DM) 1.052 0.621 1782 0.850 30/275 32/307 i —
DM ALLHAT-LLT 2002 (DM) 0.879 0.646 1.198 0.415 81/1855 88/1783 —r
DM LIPS 2002 (DM) 0455 0.244 0.848 0013 26/120 31/82 ——
DM PROSPER 2002 (DM) 1329 0901 1961 0.152 70/303 59/320
DM HPS 2003 (DM) 0.756 0.669 0.854 0.000 601/2978 748/2985 =
DM LIPID 2003 (DM) 0.740 0.582 0.940 0.014 245/542 282/535 -
DM CARDS 2004 0.623 0468 0831 0001 83/1428 127/1410 -+
DM 4D 2005 0930 0.740 1169 0534 226/619 243/ 636
DM ASCOT-LLA 2005 (DM) 0.737 0571 0952 0.020 116/1258 151/1247 -
DM ASPEN 2006 0899 0.716 1129 0361 166/1211 180/1199
DM CORONA 2007 (DM) 0923 0.743 1148 0473 237/743 2471734
DM GISSI-HF 2008 (DM) 0990 0.782 1254 0935 397/625 364/571
DM MEGA 2008 (DM) 0692 0470 1018 0.061 46/853 68/893
DM AURORA 2009 (D\V)) 0.812 0.601 1.097 0.175 135/388 136/343 —t
DM SPARCL 2011 (DM) 0.603 0431 0.844 0.003 73/395 109/399 il

Random DM 0.792 0.721 0.872 0.000 2676/ 14210 3070/ 14051 .
non-DM AFCAPS/TexCAPS 1998 (non-DM) 0.622 0.488 0.792 0.000 112/3220 177/3230 il
non-DM CARE 1998 (non-DM) 0.747 0.637 0.876 0.000 349/1779 437/1774 -
non-DM 4S 1999 (non-DM) 0.626 0.539 0.729 0.000 366/1949 530/1966 -
non-DM GISSI-P 2000 (non-DVl) 0.840 0.629 1.123 0240 90/1863 104/1826 ———
non-DM ALLHAT-LLT 2002 (non-DM) 0914 0.775 1077 0281 299/3315 333/3402 -
non-DM LIPS 2002 (non-DVl) 0.799 0.627 1017 0.069 155/724 191/751 ——
non-DM PROSPER 2002 (non-DVl) 0.791 0677 0923 0.003 338/2588 414/2593 -
non-DM HPS 2003 (non-DM) 0.724 0.670 0.783 0.000 1432/7291 1837/7282 a
non-DM LIPID 2003 (non-DM) 0.822 0.750 0.901 0.000 1381/3970 1561/3967 =
non-DM ASCOT-LLA 2005 (non-DM) 0.791 0.669 00934 0.006 273/3910 335/3863 -
non-DM CORONA 2007 (non-DM) 0911 0.785 1.058 0221 455/1771 485/1763
non-DM GISSI-HF 2008 (non-DM) 1.048 0916 1.200 0.493 908/1660 919/1717
non-DM JUPITER 2008 0559 0.454 0.688 0.000 142/8901 251/8901 -
non-DM MEGA 2008 (non-DVl) 0.666 0.473 0936 0.019 56/3013 85/3073 T—l—
non-DM AURORA 2009 (non-DM) 0.997 0.818 1215 0978 261/1001 272/1041
non-DM SPARCL 2011 (non-DM) 0.859 0.718 1.028 0.097 262/1970 298/1967

Random non-DM 0.791 0.730 0.857 0.000 6879 /48925 8229 / 49116 ¢

0.1 0.2 0.5 1 2 5 10

Favours statins Favours control

Figure 3. Forest plot of statin treatment for CVD prevention studies stratified into diabetic and non-diabetic patients.

Egger’s test (p = 0.91). No studies in the individual
population dramatically influenced the overall
pooled odds ratio after the sensitivity test in the
meta-analysis.

3.2 Effect of statin on the protection of CVD
differentiated by diabetes status

In Figure 3, we investigated the statin effect
on CVD protection by diabetes status. In the pre-
sent analysis, the WOSCOPS [2], ALERT [34], and
ALLIANCE [37] studies were not included, as
these trials did not specifically report the CVD
outcome in diabetic patients. In the remaining 19
studies, there were 18 and 16 trials included in the
analysis of diabetic patients and non-diabetic
groups, respectively. For studies reporting on pa-
tients with impaired fasting blood glucose [18, 32]
or metabolic syndrome [24] as a subgroup of CVD
outcome, we merged these patients into the non-
diabetic group. In the analysis of the diabetic
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group, the event number in the statin group (n =
14210) and control group (n = 14051) was 2676 and
3070, respectively. We found a significant hetero-
geneity (Q value = 32.29, df(Q) = 17, p = 0.014, I’=
47.35) and used the random-effect model for
analysis in the diabetic group. The results showed
that statin therapy significantly reduced the CVD
incidence in patients with diabetes, with a pooled
OR of 0.792 (95% CI: 0.721-0.872, p < 0.001). In
the analysis of the non-diabetic group, the event
number in the statin group (n=48925) and control
group (n = 49116) was 6879 and 8229 patients, re-
spectively. Significant heterogeneity was also
found (Q value = 60.03, df(Q) = 1, p < 0.001, I’=
75.01) and the random-effect model was used for
analysis in the non-diabetic group. The results
showed that statin therapy significantly reduced
the CVD incidence in non-diabetic patients, with a
pooled OR of 0.791 (95% CI:. 0.730-0.857, p <
0.001). No publication bias was found by Egger’s
test (p = 0.56 for diabetic group; p = 0.96 for non-
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Figure 4. Forest plot of statin therapy for CVD prevention studies in patients with diabetes mellitus stratified by primary and

secondary prevention trails.

diabetic group). No studies in the individual popu-
lation dramatically influenced the overall pooled
odds ratio after sensitivity analysis was performed
in the meta-analysis.

3.3 Effect of statin on the primary and secon-
dary prevention of CVD in diabetes

In Figure 4, we investigated the effect of statin
treatment on the primary (i.e. patients without
CVD history) and secondary prevention (i.e. pa-
tients with CVD history) of CVD in diabetic pa-
tients. In the analysis of primary prevention, the
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event number in the statin group (n = 8083) and
control group (n = 8012) was 597 and 766, respec-
tively. There was no significant heterogeneity (Q
value = 10.60, df(Q) = 7, p = 0.157, I’= 33.96) and
the fixed-effect model was used for analysis. The
results showed that statin therapy was effective in
the primary prevention of CVD in diabetic pa-
tients, with a pooled OR of 0.757 (95% CI: 0.676-
0.847, p < 0.001). In the analysis of secondary pre-
vention, the event number in the statin group (n =
6127) and control group (n = 6039) was 2079 and
2304, respectively. There was a significant hetero-
geneity (Q value = 23.05, df(Q) = 12, p = 0.027, I’=
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Model Study name Statistics for each study CVD Events / Total Odds ratio and 95% ClI
Odds Lower Upper
ratio  limit limit p-Value  statin placebo
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Figure 5. Forest plot of statin therapy for CVD prevention in studies designed with double-blind, randomized controlled trials
in patients with diabetes mellitus and subgroups by primary and secondary prevention trials.
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47.95) and the random-effect model was used for
analysis. The results showed that statin therapy
was effective in the secondary prevention of CVD
in diabetic patients, with a pooled OR of 0.800
(95% CI: 0.712-0.898, p < 0.001). No publication
bias was detected by Egger’s tests in either the
analysis of primary (p = 0.47) or secondary (p =
0.35) prevention. No studies in the individual
population dramatically influenced the overall
pooled OR after the sensitivity test in the meta-
analysis.

3.4 Effect of statin on CVD prevention in dia-
betic patients — trials in diabetes only

In Figure 5, we excluded trials reporting CVD
outcome in diabetic patients by subgroup analysis
and included high-quality double blind randomized
controlled studies with diabetic participants only.
There were only 3 studies, including CARDS, 4D,
and ASPEN, that fitted these criteria and re-
mained in the analysis. While testing for the over-
all effect of statins on CVD protection, the event
number in the statin group (n = 3258) and control
group (n = 3245) was 475 and 550, respectively.
There was significant heterogeneity (Q value =
5.24, df(Q) = 2, p = 0.073, I’= 61.84) and the ran-
dom-effect model was used for analysis. Surpris-
ingly, the results showed that statin therapy was
not effective in lowering the CVD incidence in dia-
betic patients, with a pooled OR of 0.817 (95% CI:
0.649- 1.029, p = 0.086). No publication bias was
detected by Egger’s test (p = 0.067). No individual
study influenced the overall pooled OR after the
sensitivity test in the meta-analysis. When studies
were categorized by the study design for type of
CVD prevention, we found no significant benefits
of prescribing statins to diabetic patients, with a
pooled OR of 0.774 (95% CI: 0.506-1.186, p = 0.240)
by the random-effect model (Q value = 4.34, df(Q)
=1, p=0.037, I’=76.97) and 0.893 (95% CI: 0.734-
1.088, p = 0.262) by the fixed-effect model (Q value
= 0.459, df(Q) = 1, p = 0.498, 1> = 0.00) in primary
and secondary prevention, respectively.

4. Discussion

Our results suggest that there is reasonable
evidence that statins protect against CVD in dia-
betic and non-diabetic patients. However, further
informative studies are needed to confirm that
statins lower the incidence of CVD in patients with
diabetes mellitus.

Since the ATP Il guideline set up the LDL-C
treatment target levels in patients with dyslipide-
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mia, which are based on the CVD risk intervention
according to the above mega trials [38], statins
have been widely prescribed. In the NHANES sur-
vey, during 1999 to 2004, Mann et al. reported that
the prescription of statins increased from 19.6% to
35.9% [39]. Meanwhile, among statins users, the
prevalence of LDL-C control to the ATP Il target
level has increased from 49.7% to 77.6% [39]. The
report clearly indicated that increased serum LDL-
C was effectively lowered by statins. However, was
the CVD risk reduced in parallel with the decre-
ment of LDL-C level in patients with dyslipide-
mia? According to the data of NHANES acquired
from 1999 to 2006, when an increased usage of
lipid-lowering medication and a decreased preva-
lence of high LDL-C were also observed, Kuklina et
al. interestingly found that the prevalence of CHD
or CHD equivalents was not changed [40]. Very re-
cently, based on data from the National Health In-
surance database, which contains data from 99%
of the population of Taiwan, Li et al. reported that
the mortality from heart disease has significantly
increased from approximately 6.5% to 10.0% in
diabetic patients during the period from 2000 to
2009 in spite of the fact that statins have been
widely prescribed on this island [41, 42]. Although
these epidemiologic studies may lack direct evi-
dence in questioning the CV protection provided by
statins, these results may remind us to take a sec-
ond look at the outcomes of these large statins tri-
als and clinical practice guidelines on dyslipidemia
management, especially in diabetic patients.

Although our pooled results supported the benefits
of statins in CVD protection in accordance with
previous literature [14, 15, 20], it is important to
mention that the conclusion may have been biased
by acquiring the CVD outcome from diabetic sub-
group analysis. Subgroup analyses are often exam-
ined to test the reliability of trial conclusions
across different subgroup populations defined by
multiple baseline characteristics of the study par-
ticipants. However, the major problem of subgroup
analysis is the lack of power to detect heterogene-
ity in the treatment effect [43]. Furthermore, per-
forming multiple subgroup analyses may lead to
overstated and misleading results [43]. To achieve
a reliable subgroup result, it has been proposed
that the a priori power of subgroup analysis has to
be over 40% [44]. However, the size of the sub-
group population must be at least over 30% of the
original study population in a study that was
originally powered at 90% [44]. Among statin tri-
als that reported CVD outcomes in the diabetic
subgroup, only the ALLHAT-LLT study included
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over 30% of diabetic patients which provided suffi-
cient power. Notably, the ALLHAT-LLT study was
a study that did not demonstrate a CVD benefit in
diabetic patients by statin therapy [13]. In associa-
tion with Sun’s report that the credibility of sub-
group analysis may often be overemphasized [25],
it is essential to conduct an analysis that includes
trials that investigated only diabetic population.

In the meta-analyses including only diabetic
trials, whether investigated by overall diabetic
population or the intention of CVD prevention, we
surprisingly found that there was no significant
benefit of statin therapy on CVD risk reduction in
diabetic patients. Moreover, to relieve concerns
that inclusion of the 4D study may limit our result
to general diabetic patients; we removed the 4D
study and reassessed our analysis. Nonetheless,
an insignificant result remained with a pooled OR
of 0.757 (95% CI: 0.529-1.083). Although the power
issue may be a concern for interpreting these in-
significant results, our results indicate that a fur-
ther look into these landmark studies may be re-
quired.

For the past few years, the CARDS study has
been acknowledged as a landmark study for dia-
betic patients [12]. The study was designed for
primary CVD prevention and stopped 2 years ear-
lier than expected. At the end of the study, CARDS
showed that prescribing 10 mg of atorvastatin
would reduce 37% of CVD composite events (i.e.,
acute coronary event, coronary revascularization
and stroke) in diabetic patients aged 40-75 years
who were associated with at least one CVD risk
(i.e., retinopathy, albuminuria, current smoking
and hypertension). According to this important
reference trial, for the majority of diabetic pa-
tients, the professional society recommended that
statins should be prescribed to patients who were
associated with at least one CVD risk for primary
CVD prevention [22]. However, results from the
CARDS study should be interpreted with caution.

The first limitation of the CARDS study was
the use of composite CVD endpoints. Composite
endpoints are often adapted in clinical cardiovas-
cular trials to reduce the sample size requirements
and to capture the overall impact of therapeutic
intervention. Although the use of composite out-
comes is intriguing in facilitating the evaluation of
treatment effect, it would also be regarded as ideal
if the individual components contribute equally to
the composite endpoint and to patients’ interests
[45]. However, the individual outcomes of the com-
posite endpoint may not be regarded as biologically
equivalent in the CARDS study [12, 46]. In addi-
tion, the combination of hard endpoints (i.e., fatal
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myocardial infarction, death from other acute
coronary heart disease, fatal stroke, and resusci-
tated cardiac arrest) with weak endpoints (i.e., un-
stable angina, coronary revascularization) would
cause a moderate gap of importance to patients in-
terests [46]. Furthermore, Ferreira-Gonzalez et al.
found that the relative risk was reduced substan-
tially when a weak endpoint was added to an im-
portant one, which, as the CARDS trial did, may
lead to overstating of the trial conclusion [46].

The second limitation is the early termination
of the CARDS study. Bassler et al. recently found
that truncated trials often demonstrate a larger
treatment effect than non-truncated trials, espe-
cially those trials with an event number of less
than 500, which was also true of the CARDS study
[47]. There were no significant results in terms of
the all-cause mortality (OR: 0.73, 95% CI: 0.52-
1.01), coronary heart disease mortality (OR: 0.74,
95% CI: 0.40-1.36) and fatal stroke (OR: 0.20, 95%
Cl: 0.02-1.69). With similar flaws critiqued in the
JUPITER study [48], the conclusion of the CARDS
study remains open to discussion.

Interesting arguments were made in the 4D
and ASPEN studies, which did not report positive
findings in terms of CVD outcomes despite a sig-
nificant reduction in LDL-C. The ASPEN study
raised several possibilities (i.e. protocol changes
because of changing treatment guideline, low CVD
risk patients were recruited, the nature of compos-
ite endpoint) that might result in their non-
significant findings and highlighted that their re-
sults do not detract from the LDL-C-lowering
therapy [17]. More interestingly, the 4D study
elaborated that the initiation of statin therapy
may be too late for diabetic patients undergoing
hemodialysis and hinted that statin therapy
should be started earlier [16]. In accordance with
data presented in this paper and the possible limi-
tations of CARDS study, we suggest that there is
insufficient evidence to support a role for statins in
CVD protection in diabetic patients.

Two recently published articles also provide a
different perception of statins. A substudy of
VADT reported that the progression of coronary
artery calcification was aggravated among type 2
diabetic patients with more frequent statin treat-
ment [49]. In a cross-sectional multinational study
including 6673 participants without CHD, Naka-
zato et al. reported that statins use was associated
with a higher frequency of severe coronary artery
stenosis, greater numbers of coronary vessels with
obstructive CAD, and an increased presence of cal-
cified plaque [50]. Despite the consequences of cal-
cified plague and CVD requiring further clarifica-
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tion, the results may remind us that uncertainties
remain in terms of the protective effect of statins
against CVD in diabetic patients.

There are limitations in our study. First, there
may be concerns regarding the pooling of studies
with major diversities in the study population to-
gether. Second, an inconsistent definition of CVD
in these studies may also bias our results. How-
ever, these limitations may also reflect the current
boundaries in examining the accuracy of these
statins trials. Based on the above, a non-conflict of

interest expert panel may be necessary to examine
the statin trials performed in diabetic patients
[51].

In conclusion, statins seems to be protective in
lowering CVD risk. However, our results suggest
that more informative, double blind, randomized,
controlled trials are necessary to confirm the role
for statins in cardiovascular protection in diabetic
patients.

Disclosures: The authors report no conflict of interests.
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